The first epidemiological survey of Border disease virus (BDV) was undertaken in small ruminants in Japan. Ovine sera, collected from the northern prefectures of Hokkaido, Aomori and Iwate, were examined for the presence of antibodies against BDV using the neutralization peroxidase-linked antibody test. Twenty-nine (17.6%) of one hundred and sixty-five samples were seropositive for BDV. Results were specific, excluding cross-reactions with bovine viral diarrhea virus (BVDV). Only one sample (0.6%) was positive for BVDV, and was negative for BDV. Despite serological evidence of virus circulation, there have been no clinical cases of border disease in sheep in Japan. Although no diagnostic measures were performed, the infection did not appear to be associated with a reduction in ewe fertility nor with lamb mortality.
Border disease virus (BDV) is a recognized species in the genus Pestivirus of the family Flaviviridae [7] . Border disease (BD) affects mainly sheep and goats, and has substantial loss-related economic implications worldwide. In addition to cattle, goats, sheep and pigs, ruminant pestiviruses have been isolated from many other wild ruminant species, and serologic surveys have demonstrated infection with pestiviruses in more than 40 species worldwide [3, 24] .
Sheep and goat farming is a relatively minor sector in Japan. Land dedicated to small ruminant farming is limited because the terrain mainly consists of mountains unsuitable for pasture use. The diversity of farms is consequently particularly reduced, with few available hectares, and economic problems associated with keeping animals. Furthermore, the winter climate conditions necessitate food supplementation, resulting in increased costs. The small ruminant population consists mainly of goats (21,000) and sheep (11,000) (data from Japan Livestock Industry Association 2000). In 1994, sheep numbered 24,000 and goats 30,000. This marked decrease probably arose because of a lack of adequate support for the optimization of animal farming and the development of production technologies. Ovine and caprine breeds are little studied, either from the animal husbandry or veterinary health aspect. Currently, the production of wool, milk and milk products is practically nonexistent. Only isolated and specific, but promising, studies are being undertaken at an embryonic stage.
At present in Japan, only Caprine Arthritis Encephalitis virus, Scrapie and Visna Maedi have been examined in small ruminant populations, having recently been the subject of epidemiological studies [10, 12, 13, 16, Giangaspero et al., unpublished] . No previous epidemiological surveys on BDV have been undertaken in small ruminants in Japan. Furthermore, no clinical cases of BD have been reported among sheep flocks. The other genetically related Pestivirus species, namely bovine viral diarrhea virus (BVDV) type 1, BVDV type 2, and classical swine fever, have been previously reported in the country [8, 15, 19] .
In order to verify the presence of BDV infection and to obtain a preliminary indication of its epidemiology, a serological survey of antibodies to BDV was carried out. This was to determine the prevalence of the virus in the northern prefectures in Japan, i.e., Hokkaido, Aomori and Iwate, where the largest concentrations of sheep, a total of 4,775 sheep (43%), are bred. The survey was performed on sheep raised both commercially and traditionally. Farmers were interviewed regarding flock management, productivity and losses, referring also to previous years, to define possible factors influencing the epidemiology of BDV infection, and to explore the potential impact of disease on sheep productivity.
Fourteen sheep flocks from Hokkaido, Aomori and Iwate were sampled from September 2007 to January 2008. The number of flocks was identified according to the animal population of each prefecture and was representative of the livestock production systems in the country as a whole. Ten flocks were sampled in the Hokkaido prefecture, considering that about 37% of sheep breeding in Japan is concentrated in this region. The 10 flocks were arbitrarily chosen to include flocks from different parts of Hokkaido prefecture. The samples also included two flocks from Aomori prefecture and two from Iwate prefecture in the Tohoku region ( Fig. 1 ).
Twenty sheep from each flock were selected for sampling, according to the national standard of flock composition (number of rams, ewes and yearlings). All age categories, from 1 to 12 years of age, were sampled. The majority of the sampled animals were Suffolk and Suffolk cross-breed. Lambs were not sampled to avoid interpretation difficulties arising from the potential presence of maternal antibodies. In 2 of the 14 flocks, only 11 and 16 sheep, respectively, were available for sampling, and therefore, a total of 267 serum samples were collected. All the sera were stored at -20°C prior to examination. The collected ovine sera were subsequently transported to laboratories in Italy and the United Kingdom for further analyses. The sera were imported legally into these countries, under the authorization of the Department of Public Veterinary Health, Nutrition and Food Safety, Ministry of Health, Rome, Italy, and license AHZ/963/93/4 issued under the terms of the Impor-tation of Animal Pathogens Order by the Department for the Environment, Food and Rural Affairs, London, U.K.
Taking into account the genetic relatedness between BDV and BVDV, and the potential for cross-reactivity, detection of BDV antibodies was accompanied by anti-BVDV antibody screening. The presence of BDV antibodies was determined using the neutralization peroxidaselinked antibody (NPLA) test as described by Hyera et al. [11] . The sera underwent a serum neutralization test, followed by immunoperoxidase staining. Sera were doublediluted to a 1/40 and tested using BDV isolate S137/4 [23] and bovine turbinate cells. Cell lines were determined to be negative for pestivirus contamination. Peroxidase staining was performed using a mixture of monoclonal antibodies [WB103, WB105 & WB112 as provided by Animal Health and Veterinary Laboratories Agency (AHVLA), Surrey, U.K.] [5, 6, 17] . Testing for neutralizing antibodies against BVDV was performed by serum neutralization assay as described by the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals of the World Organisation for Animal Health -Office International des Épizooties [25] . The BVDV CP strain NADL obtained from the American Type Culture Collection (ATCC) (Rockville, MD, U.S.A.) [1] was grown on cell substrate bovine turbinate cells (Central Veterinary Laboratory, Surrey, U.K.).
Concerning flock production, the annual lambing rate was calculated as number of lambs born per ewes exposed to a ram, and was based on the lambing season occurring from February to April, with an exception being made for one farm where the reproductive cycle was related to three breeding seasons. Average annual wool yield referred to uncleaned material from shearing from April to May.
Percentages of sheep positive for antibodies to BDV among different age categories were compared using Fisher's exact probability test. Pearson's correlation coefficients were calculated for a possible relationship between the prevalence of BDV infection and production parameters such as annual lambing rate, annual lamb mortality rate, annual adult mortality rate, and annual wool yield. Differences were considered to be significant at P<0.05.
Out of the 267 serum samples, 16 had insufficient aliquots for testing, 18 were contaminated with fungi or bacteria, and 68 showed cytotoxic reactions, and therefore, all these samples (n=102) were excluded. As a result, a total of 165 samples were examined in the NPLA test, and 29 samples (17.6%) were observed to be positive for anti-BDV immunoglobulins ( Table 1) . Titers ranged from 20 to >40. Toxicity in the samples was indicated by cell death, probably caused by the sub-optimal condition of the samples.
BDV infection was detected in nine out of the 14 sampled flocks. Infection was found in flocks from Hokkaido and Iwate prefectures, but not from Aomori prefecture. The prevalence of BDV infection was found to vary between prefectures ( Table 2 ). Sera showed positivity in 8 of the 10 flocks from Hokkaido and in 1 of the 2 flocks from Iwate prefecture. One flock from Hokkaido could not be evaluated because of cytotoxicity and insufficient serum quantity. None of the sera collected from Aomori prefecture were found to be positive. The percentage of sheep with positive sera was 18.2% in Hokkaido prefecture and 23.1% in Iwate prefecture. The mean prevalence of seropositive animals in individual herds ranged from 5.0 to 42.9% in the nine sampling groups from seropositive flocks. Results were specific, and showed no cross-reactions with BVDV. Only one serum sample (0.6%) was positive for BVDV, and was negative for BDV. The sample was from a sheep in a flock from Hokkaido, showed a serumneutralization titer of 1:256 against BVDV.
Comparison between different age categories showed that the highest percentage of sheep positive for antibodies to BDV was in animals 3 years old (45.5%), with another peak (33.3%) in animals 6 years of age (Table 3) , but there was no statistically significant difference in the prevalence among different age categories.
Evaluation of the possible impact of BDV infection on production in the sampled flocks did not reveal any correlation with BDV seropositivity.
This survey has demonstrated that infection with BDV is present in sheep in the northern prefectures of Japan, and provides the first serological evidence of the occurrence of the disease in the country. Antibodies against BDV were found in two prefectures (Hokkaido and Iwate), out of three tested, where 43% of Japanese sheep are bred. This first report is based on specific serological results. Taking into account genetic relatedness among species in the genus Pestivirus, BVDV was investigated to exclude cross-reactivity. Only one serum sample was positive for BVDV, and was negative for BDV. Interestingly, the sample came from a sheep flock on a farm mainly focused on dairy cattle breeding, thus being in close contact with a herd of 700 Japanese Black cows, a possible source of the BVDV.
Despite serological evidence of virus circulation, no clinical cases of BD have been reported among sheep flocks in Japan. Furthermore, although no diagnostic measures were performed, the infection was not related to a reduction in sheep production, as determined by fertility, lambing rate and mortality in lambs.
The relatively high number of newly deposited sequences of BDV isolates from domestic and wild animals, and the recent evidence of novel "atypical" pestivirus sequences, in particular recent reports of atypical strains from clinical cases of BD from domestic and wild small ruminants [2, 4, [20] [21] [22] , indicate that laboratory diagnosis of BD has to be expanded and it should not be limited in domestic ruminants but also include wild ruminants. Recent reports Total  Negative  20  30  40  >40  /folck   1  Hokkaido  19  0  1  0  0  0  0  0  20  2  Hokkaido  18  1  0  0  0  1  0  0  20  3  Hokkaido  15  0  1  0  2  1  0  1  20  4  Hokkaido  0  0  0  0  0  0  6  14  20  5  Hokkaido  12  3  2  0  3  0  0  0  20  6  Hokkaido  13  1  2  0  0  1  3  0  20  7 Hokkaido 13 demonstrated confirmed cases with isolates of ruminant pestivirus and disease with a significant population impact on free-range animals [14, 18, 22] . An outbreak of a previously unreported disease, associated with a new pestivirus belonging to the BDV virus cluster, was reported in Southern chamois (Rupicapra pyrenaica) in the Catalan Pyrenees (northeast Spain) in 2001 and 2002, and was supposedly responsible for a population decrease of 40-45% in the most affected areas [14] . In Japan, evidence for pestivirus infection in free-living Japanese serows (Capricornis crispus) has also been reported [9] . These recent cases indicate the potential for a disease to emerge in wild animal populations, with a possible severe impact on farmed populations. Furthermore, the role of wild animals as a reservoir for spreading the disease in domestic populations could increase the risk of mutation, resulting in increased virulence.
The demonstration of BDV circulation in sheep flocks in the prefectures of Hokkaido and Iwate, based on serological analysis, advances the knowledge on pathogens affecting domestic sheep in Japan. These interesting findings deserve further evaluations in order to examine the full extent of the problem in small ruminant populations, taking into account that BDV infection has a potential negative impact on reproduction. The complexity of the topic suggests the need for lager, more detailed epidemiological studies in the animal population and, considering the genetic heterogeneity of pestiviruses, molecular studies should be undertaken to extend the serological findings. Furthermore, investigations should include wild ruminants, because of concern for the protection of the valuable ruminant wild fauna present in Japan.
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